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by Streptococcal Infections

Marjorie A. Garvey, Susan J. Perlmutter, Albert J. Allen, Susan Hamburger,
Lorraine Lougee, Henrietta L. Leonard, M. Elizabeth Witowski,
Billinda Dubbert, and Susan E. Swedo

Background: Some children with obsessive-compulsivesize. Biol Psychiatry 1999;45:1564-1571 €999 Soci-
disorder (OCD) and tic disorders appear to have symptomety of Biological Psychiatry

exacerbations triggered by group A beta-hemolytic strep-

tococcal infections in a manner that is similar to rheu- Key Words: Penicillin prophylaxis, streptococcal, obses-

matic fever and its neurologic variant, Sydenham’s cho-sive compulsive disorder, tic disorders, clinical trials
rea. Because penicillin prophylaxis has proven to be

effective in preventing recurrences of rheumatic fever, it

was postulated that it might also prevent streptococcal-

triggered neuropsychiatric symptom exacerbations in chil-|ntroduction

dren with Pediatric Autoimmune Neuropsychiatric Disor-

ders Associated with Streptococcal infections (PANDAS)[)ecent reports have provided evidence for a possible
These children are identified by five clinical characteris- connection between group A beta-hemolytic strepto-
tics: presence of OCD or tic disorder, prepubertal onset,coccal infections and neuropsychiatric disorders (Swedo et
episodic symptom course, neurologic abnormalities (i.e.al 1994: Swedo et al 1998:; Kerbeshian et al 1990: Tucker
choreiform  movements) and streptococcal-triggeredet al 1996). In a subgroup of children with tic and/or
symptom exacerbations. obsessive-compulsive disorders, symptom exacerbations
Methods: Thirty-seven children with PANDAS were en- appear to be temporally linked to streptococcal infections
rolled in an 8 month, double-blind, balanced cross-over(Allen et al 1995; Swedo et al 1991; Kiessling 1989). This
study. Patients were randomlzed_to receive either Asubgroup has been identified by the acronym PANDAS
months of the active compound (twice daily oral 250 Mgpegiatric Autoimmune Neuropsychiatric Disorders Asso-

Pjg&)g'{;‘ [;;) ;ﬂ:ﬁgﬁ?‘ E)/y #.?Oontchs Oa]:n%laoctiz?'posryglhail;?r?co ciated with Streptococcal infections), the key features of
s ! hich have been outlined in a recently published study

symptoms were monitored monthly. Throat cultures an .
ymp y Swedo et al 1998). As in Sydenham’s chorea (SC)

streptococcal antibody titers were also obtained. G t al 1998 Swedo 1994). th h e
Results: There were an equal number of infections in both( arvey € a » SWedo ), the pathogenesis o

the active and placebo phases of the study. There was r%ANDAS IS thoqght to be auto!mmune. Though othg_r
significant change seen in either the obsessive-compulsiv@&j0r manifestations of rheumatic fever such as carditis
Conclusions:Because of the failure to achieve an accept—(swedo et al 1998), they do manifest some of the neuro-

able level of streptococcal prophylaxis, no conclusionsPSychiatric features that are hallmarks of SC. The most
can be drawn from this study regarding the efficacy ofcharacteristic of these are abnormal movements similar to

penicillin prophylaxis in preventing tic or OCD symptom chorea (Touwen 1979), attentional difficulties, and emo-
exacerbations. Future studies should employ a mordional lability, all of which fluctuate with exacerbations of
effective prophylactic agent, and include a larger sampletheir OCD or tics. In both conditions, there is a strong
positive correlation between antistreptococcal titers and
the reappearance or exacerbation of symptoms (Allen et al
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PHASE A PHASE B 2. A history _of a sudden onset of symptoms or an episodic
f_\_/\—’_\/“_k’_\ course with abrupt symptom exacerbations interspersed
with periods of partial or complete remission (a sawtooth,
¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ rather than a waxing and waning course).
Baseline M1 M2 M3 M4 M5 M6 M7 M8 3. Age between 4 and 15 years.
4. Onset of neuropsychiatric symptoms prior to puberty.

5. Evidence of an association between streptococcal infec-
PCN > PLA > tions and the onset or exacerbations of symptoms.

A streptococcal infection-associated exacerbation of neuro-
psychiatric symptoms was defined as a sudden dramatic wors-
Figure 1. Randomization procedure. Chil_dren started on th%ning of tic or OCD Symptoms within 3 months of a documented
phase A study compound after the baseline assessment. Eagfteptococcal infection. The methods used to establish this
phase was divided into four months; M1, M2, M3, etc., mark the 5546 iation are outlined in a prior report (Swedo et al 1998). At
end of months. At the end of M4, ?aCh child was commenced ONeast two streptococcal associated exacerbations of neuropsychiatric
the phase B compound and continued on this for a further four . - . -
months. PCN, penicillin; PLA, placebo. symp_toms were r_eqwred to be _ellglble for entry into this study.

Children considered not suitable for study entry were those
who had tics or OCD of such a severity that hospitalization was
considered. In addition, children requiring treatment for severe,
1939; Thomas and France 1939; Stowell et al 1941'active comorbid major psychiatric disorders were also excluded,
Thomas et al 1941; Kuttner and Reyersbach 1943; Hansefy \vere those with autism, pervasive developmental delay, or
et al 1942) and penicillin (Maliner and Amsterdam 1947; mental retardation. Also excluded were children with neurologic
Brick et al 1950; Evans 1950) were inconclusive but leddiagnoses other than tics and Tourette syndrome, serious con-
the way towards larger studies. These established theurrent or chronic medical disorders, and a personal history of
efficacy of oral prophylactic penicillin in reducing the penicillin allergy. The study was approved by the National
frequency of RF recurrences (Dajani et al 1988; Miller etInstitutes of Health Institutional Review Board committee, Be-
al 1958a; Stollerman 1954; Wood et al 1964a). Because dhesda, MD, and each child and his or her parents gave
the postulated pathophysiologic similarities between Sc@ssent/consent, respectively, for the investigation.
and PANDAS, we hypothesized that penicillin prophy-

laxis would reduce neuropsychiatric exacerbations in chiliMethods

dren with PANDAS by preventing streptococcal infeC-  gaseiine assessmenT. Children who met criteria for
tions. To test this hypothesis, we conducted a placebostudy entry underwent a baseline evaluation consisting of history,
controlled double-blind crossover trial of oral penicillin V physical examination, psychological testing, and laboratory stud-
prophylaxis in children with a history of streptococcal ies. A semi-structured clinical interview and the Diagnostic
related exacerbations of tics and OCD. We expected thdnterview for Children and Adolescents (Welner et al 1987) were
the prophylactic penicillin dose would be effective in used to assign psychiatric diagnoses. Each child also had a
preventing streptococcal infections, while the placebgcomplete medical examination and a standardized neurologic
would not, and therefore, we anticipated fewer symptonfXamination.

exacerbations during the active phase.

PLA » PCN >

STUDY DESIGN. Following the baseline assessment, chil-
dren were randomized in a double-blind, counterbalanced fash-

Methods and Materials ion to receive either penicillin or placebo for 4 months, and then
. the alternate compound for the other 4 months (Figure 1). The
Subjects cross-over trial was conducted on an outpatient basis and

Children with a history of a sudden onset or abrupt exacerbation§ubjects were evaluated monthly for eight consecutive visits.
of tic or OCD symptoms were recruited locally for this study Since streptococcal infections peak during the winter months and
over a period of 3 years. Advertisements were placed in théXposure is greatest in the classroom setting, children were
newsletter of the local chapter of the Tourette Syndrome Asso€ntered into the study as early in the school year as possible in
ciation and also sent to pediatricians and psychiatrists in th@rder to standardize exposure to streptococcal infections
Washington, DC metropolitan area. Potential subjects werdhroughout the two phases (Kaplan et al 1998b).

screened by telephone and in person using a semi-structured FoIIovying recommendations of the Americqn Heart Associa-
interview. Children were eligible for the study if they met the tion (Dajani et al 1988), a standard prophylactic dose of 250 mg
following inclusionary criteria. twice daily penicillin V was used for this study. The placebo

compound was administered in an identical formulation. To

1. Atic disorder and/or obsessive compulsive disorder meetensure that the blind was maintained, at the first monthly visit
ing criteria established in the Diagnostic and Statisticalfollowing crossover, parents and children were asked if there was
Manual of Mental Disorders—Ill revised or IV edition any difference between the taste of the two compounds or if they
(DSM-III-R or DSM-IV diagnostic criteria). had any new symptoms (for example, diarrhea or rash). Compli-
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ance was checked monthly by asking if the child had missed angymptom severity. Therefore, the outcome variables sought were
doses during the preceding month. the difference in the number of streptococcal infections during
Treatments received prior to study entry were continuedthe active and placebo phases, the number of exacerbations of
throughout the study and adjustments were permitted as needeuropsychiatric symptoms, and the change in overall neuropsy-
during the course of treatment. At each monthly visit, any chiatric symptoms across the two phases.
medication changes were noted. Also recorded were any illnesses Streptococcal infections were defined as either a positive
in the preceding month (including the results of throat culturesthroat culture, a two-dilution rise in antistreptococcal antibodies,
taken during the iliness), and possible contacts with family mem-or a combination of these two. The presence of a sore throat was
bers, friends, or classmates who had streptococcal infections.  not included in the definition. Changes in neuropsychiatric
symptoms were sought in both the number of exacerbations
MONTHLY ASSESSMENTS. Subjects and their families (defined as a 20% or greater increase of one or more of the
were seen monthly for behavioral ratings of tics, obsessivepsychiatric rating scales) and in the overall scores of the
compulsive symptomatology, anxiety, and depression. Ratingsychiatric rating scales. Streptococcal infections and neuropsy-
scales included the Yale Global Tic Severity Scale (YGTSS),chiatric exacerbations were compared across phases using chi
a 50-point scale that indicates severity of tic disorderssquare. An analysis of variance (ANOVA) was performed on the
(Leckman et al 1989; Walkup et al 1992); the Children’s clinical measures from the rating scales from phase A comparing
Yale-Brown Obsessive Compulsive Scale (CY-BOCS), adata from children who had received the penicillin with those
40-point scale that measures severity of obsessions an@ho had received the placebo compound in that phase. A
compulsions (Goodman et al 1989a; Goodman et al 1989b)iepeated measures ANOVA for the entire group was also
and the National Institutes of Mental Health (NIMH) rating performed with phase (A or B) and month (1, 2, 3, 4) as the
scales for rating global functioning, anxiety, depression, andvariables. The SAS version 6.07 of the repeated measure
OCD symptom severity (Murphy et al 1982). In addition, the ANOVA with the Greenhouse—Geyser correction for multiple
Children’s Global Assessment Scale (GAS), a 100-point scalgomparisons was used for this analysis. Identification of the
giving a measure of the overall functioning of the patient active phase by the global rating of parents was analyzed using
(Shaffer et al 1983), and Clinical Global Impression (CGI) a kappa measure of reliability to determine if the answers were
Change Scale, a 7-point scale that monitors changes igignificantly different from those expected by chance.
symptom severity (Kurlan and McDermott 1993; Leckman et  patients who received off-study antibiotics during the study
al 1988) were used. Rating scales validated for measures Gfere not dropped from the study and their entire dataset is
change in choreiform movements are not available and for thisncluded in the analysis. Data from children who dropped out
reason, did not form part of the monthly assessment. of the study within the first 2 months of phase A were not
Monthly laboratory evaluation included serum titers of anti- incjuded in any part of the analysis. However, children who
streptolysin-O, anti-deoxyribonuclease B (anti-DN-ase B), andcompleted phase A before dropping out were included in the
throat culture. During the first 2 years of the study, children phase A analysis. The last data point from children who
received open label antibiotics at adequate treatment doses for Jé}opped out of the study during phase B of the study was

to 14 days for positive cultures whether or not they hadcarried forward to the end of the study and included in the
symptoms of pharyngitis. As the study progressed, it was notegnaysis in this format.

that a number of children received antibiotic treatment multiple

times while receiving the placebo compound. Therefore, for the

third year of the study, physicians and parents were blind to the

results of the routine culture. In this way, asymptomatic positiveResults

throat cultures were not treated, similar to the situation in clinical .

practice (Kaplan 1980). At all times during the study, if the child Study Subjects

had a symptomatic pharyrlgitis, a thrqat cuI.tL.Jre was obt.ained (a@Ver a 3-year period, 150 telephone screenings were
NIH or by the local physician) and, if positive, the child was conducted and 60 children were seen in the outpatient

taken off study medications and treated with the appropriate’. . . .
antibiotic y PPIOPM&% inic for an in-person assessment. Fifty of these met

Once phase B had been completed, a global rating wasriteria for study entry. Ten children either chose not to
obtained from the parents. Parents were asked whether thé@ke part in the studyn( = 3) or were excluded from
could discern a difference in their child’s behavior between thestudy entry after the baseline evaluation€ 7). Of the
two phases. If so, they were asked to state during which of théatter group, one child had an atrial septal defect requiring
two phases the behavior had been better. This was designated thgtibiotic prophylaxis prior to all dental procedures, five
active phase, since the hypothesis of the study was that agpjigren had a primary psychiatric diagnosis other than
'rgﬁzgm?nmigzvgﬁﬁédwgi &?ﬁcgfgkg:]h"e the child was taking i< or 0CD [schizophrenian(= 1) and trichotillomania
B ' ' (n = 3), pervasive developmental delay & 1)], and

ANALYSIS. This study was carried out to determine whether one child _had a penicillin allergy. )
prevention of streptococcal infections with prophylactic penicil-  1WO children dropped out within 1 month of starting the
lin would reduce the number of exacerbations of neuropsychiatstudy (W = 2; both on placebo at the time) and a third
ric symptoms and thereby improve overall neuropsychiatricchild was excluded from the analysis because she received
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Table 1. Streptococcal Infections and Neuropsychiatric
Symptom Exacerbations Throughout the Study Period
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Table 2. Off-Study Antibiotics In The Different Phases
According To Randomization Order

A Distribution of Streptococcal Infections According to
Randomization Order

Off-study antibiotic days
Randomization

Months after baseline order PCN phase PLA phase Total
PCN/PLA 80 200 280
Randomization order 1 2 3 4 5 6 7 8 PLAPCN 40 170 210
Total 120 376 496
PCN/PLA 1 0 3 1 6 2 1 1
PLA/PCN 3 2 2 4 3 3 2 1

Total penicillin= 14
Total placebo= 21 months of the study. Mean age: (standard deviation) for
the group was 9.61 2.59) years (range 5.2 to 15.9
years). Thirteen children (35%) had both a primary diag-
nosis of OCD and tics, 13 (35%) had tics and subclinical
obsessive-compulsive symptoms, 10 (27%) had tics only,
and 1 (3%) had OCD only. At baseline, for the group as a
whole, OCD symptoms were in the subclinical range with
a mean NIMH OCD score of 3.95+ 2.16). Tics were
more prominent with a mean YGTSS score of 15.36 (
9.03). Comorbidity was common: 19 of the 37 children

B Distribution of Exacerbations According to Randomization Order

Months after baseline

Randomization order 1 2 3 4 5 6 7 8

PCN/PLA 3 7 7 5 10 6 5 3
PLA/PCN 2 6 0 6 5 3 3 2
Total penicillin = 35
Total placebo= 38

C Number of Exacerbations Per Child Through the Study Period

Number of Number of (51%) had attention deficit hyperactivity disorder
exacerbations children (ADHD) (16 boys and 3 girls); 15 children (40%) had
anxiety symptoms, and four (11%) had depressive symp-
0 2 toms. Although two children met criteria for an anxiety
1 12 . . o )
2 12 disorder and one child had clinical depression, these were
3 7 mild and were considered secondary to their OCD.
4 4
Total 73 37

Presence of Streptococcal Infections

A total of 35 streptococcal infections occurred during the
study. Fifteen were manifest with a positive throat culture,

i i ) and 20 as a two dilution rise in antibody titer in the
placebo during the first month of her active phase due tQhgence of a positive throat culture. Although fewer
a pharmacy dispensing error. Data from these children arg tections occurred in the activen(= 14) than in the

excluded from the analysis. , _ placebo phasen( = 21) the difference was not statisti-
Data from 37 children form the basis of this study. .5y significant. Table 1A shows the number of infections

Nineteen children were randomized to receive pen|C|II|nper child through the study and the distribution of the

followed by placebo (PCN/PLA) and 18 to receive pla- jnections according to the randomization order.

cebo followed by penicillin (PLA/PCN). ANOVA analysis ¢t st dy antibiotics were prescribed for a total of 496

showed no differences in any of the baseline variablegays i 18 children during the investigation (Table 2); 376
when comparing the two randomization groups. TWOq these days were during the PLA phase, 120 during the

children dropped out of the study at the end of phase Aycive phase. There was no significant difference between

both had been randomized to PLA/PCN. Difficulty in \he nymber of off-study antibiotics days between the
traveling to the monthly visits was the reason given by,haqes even when randomization order was considered.
both families. The data from these children are included ifrepy chjlgren received antibiotics for asymptomatic posi-
the phase A analysis. Three children (all randomized tQjye throat cultures during the first 2 years of the study; 16
PCN/PLA) dropped out in the third month of phase B. cjgren received antibiotics for 21 episodes of pharyngi-

Each reported that an exacerbation of symptoms was thgs. one of these also received 26 days of antibiotics for
reason for not continuing in the study. chronic sinusitis.

Of the 37 children who entered the study, 27 were boys
and 10 were girls. Twenty-eight (77%) of the children _ )
were enrolled at the beginning of the school year and thu8linding and Compliance
were in school for the entire duration of the study. TheOne parent reported discoloration of her child’s teeth upon
remaining 9 children were in school for at least 6 of the 8commencing the new compound (penicillin); she had

PCN, penicillin; PLA, placebo; PCN/PLA, children received penicillin fol-
lowed by placebo; PLA/PCN, children received placebo followed by penicillin.



1568 BIOL PSYCHIATRY M.A. Garvey et al
1999;45:1564-1571

noted this side effect when her child took penicillin on athree did not. Of the 22 parents who could discern a
previous occasion. This lead the parent to conclude thatifference between the phases, the overall percentage of
her child was taking the active compound. The remainingagreement was .82 between parent rating and correct
36 children were unable to detect a difference between thphase, and a kappa of .61 indicated that these ratings were
two compounds. not merely chance occurrences.

Lack of compliance was reported by 26 of the children
in the study but was limited to one or two missed doses per . .
month or less. However, one child had a lapse of 10 day&IScussion

of the study compound (placebo) while away on vacationye hypothesized that an improvement of neuropsychiatric
and another child received only one dose of the studgymptoms would occur as a result of the prophylactic
compound (penicillin) each day for the first month of affect of penicillin. The presence of an equal number of
phase A, due to a misunderstanding on his mother’'s parktreptococcal infections in both the active and placebo
The parents of 9 children reported no missed doses at arphases of the study indicates a failure to achieve the first

stage of the study. aim of the study and therefore substantially decreased the
chances of accomplishing the secondary aim. The number
Neuropsychiatric Symptoms of exacerbations was similar in both phases and there were

no significant changes observed in the tic and OCD ratings
between the two phases. A statistically significant differ-
ence was observed in the scores of the depression and
anxiety scales but since the scores were in the subclinical
range, these were not considered clinically significant.
Failure to achieve adequate levels of prophylaxis could
be due to a number of factors. Recommendations regard-

. i ing the prevention of rheumatic fever state that prophy-
tic and OCD symptoms at the start of the study; 7 of thes(?actic penicillin V may be given as an oral dose of 250 mg

were randomged to PCN/PLA and 5 were rr?mdomlzed Quice per day as an alternative to the use of intramuscular
PLA/PCN. During the study, 5 of these 12 children had anyohicijiin G “(Dajani et al 1988). However, one recent
increase in medication doses and an additional 4 medicay, 4y found that penicillin V blood levels drawn immedi-
tion-naive children commenced therapy. Medications wereye|y hefore the fifth dose were undetectable (Thamlikitkul
started or increased in 3 children during the active phasgy; 4| 1992), suggesting that the pharmacokinetics of oral
and in 6 during the placebo phase. One child decreased higyicillin v may be inadequate to maintain continued
level of medication during the placebo phase. streptococcal prophylaxis. Identifying a more effective
There were 73 symptom exacerbations during the study,rm of prophylaxis will be an important preparatory step
(Table 1B and C). There were no differences in theyhen planning future studies. It should be noted that no
distribution across the two phases (placeb88; penicil-  method of prophylaxis will completely stop streptococcal
lin = 35). Although repeated measures ANOVA (Table 3)infections since breakthrough infections occur even with
showed significant improvement in the NIMH depressionintramuscular depot injections (Stollerman 1954; Wood et
and anxiety scales during the active as compared to thg| 1964b: Newman et al 1984).
placebo phase (dt 3,96, F = 3.23,p = .03; df = The incidence of infections in the group receiving active
3,99,F = 4.63,p = .01; respectively), this was not prophylaxis will decrease the effect size of a comparative
clinically significant as overall symptom severity was in study and increase the chance of producing a type Il error.
the subclinical range. There were no significant betweentt s worthy of note that even in the rheumatic fever
phase differences in ratings of tic or OCD severity. |iterature, the effect size was small and studies which
Similarly, the GAS and CGil ratings were not significantly firmly established the efficacy of streptococcal prophy-
improved during the penicillin phase. laxis in the prevention of rheumatic fever enrolled from
The parent global rating was obtained from 27 sets ofl00 to 500 patients in each treatment group (Rubbo et al
parents and 22 (81%) were able to determine an improvet949: Miller et al 1958b; Wood et al 1964a; Wood et al
ment in behavior during one of the phases. Eighteen (82%)957; Massell et al 1957). It is likely that similar numbers
of these 22 parents correctly identified the active phasevill be required to definitively establish whether strepto-
based on an improvement in behavior. In five subjectscoccal prophylaxis will prevent exacerbations of tic or
there was no discernible difference between the twambsessive-compulsive symptoms in children with
phases of the study and the parents guessed at tHANDAS. Based on the effect size in this pilot study, the
randomization order: two guessed correctly, the othetack of significant results could be due to a type Il error,

Analysis of phase A group data for overall symptom
severity (NIMH global), global impairment (GAS), and of
OCD and tic symptoms (Y-BOCS and YGTSS, respec-
tively) comparing children who had received penicillin
(n = 19) with those who had received placelvo 18)
found no statistical significance between the two groups
Twelve children were on psychotropic medications for
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Table 3. Neuropsychiatric Symptoms by Month of Study comparing Active with Placebo Phase37)

PLA

PCN

df

Baseline

Phase Month

Rating Scales

GAS

o

0.91

3,39

74.07 (12.81) 74.43(11.13) 74.43(11.02) 76.36(10.31) 74.00(10.23) 74.14 (10.21) 76.93(9.93)  78.86 (11.67)

74.27 (10.83)

NIMH Scales

e

4.63

3,99
3,99
3,96
3,96

2.70 (1.38)
3.79 (2.42)
433 (1.76)
3.27 (1.84)

2.47 (1.37)
3.47 (2.34)

2.79 (1.70)
3.79 (2.57)
4.39 (1.98)
3.45 (1.86)

2.79 (1.72)
3.76 (2.23)
4.54 (1.68)
3.45 (1.79)

3.00 (1.52)
3.56 (2.27)

2.62 (1.46)
3.68 (2.14)
4.54 (1.68)
3.12 (1.71)

2.23(1.18)
3.59 (2.06)

2.18 (1.65) 2.47 (1.26)
3.85 (2.28)

3.95 (2.16)

Depression
OCD

o
<

=}

©
@

[}
«
(=}

1.00
3.23

4.21 (1.90)
3.27 (1.77)

4.48 (1.82)
3.33 (1.57)

4.45 (1.48) 4.48 (1.62)
2.91 (1.42)

3.00 (1.56)

4.21 (1.41)
2.95 (1.85)

Global

™
e

Anxiety
CGl

~
@

.05
.32

3,90

3,81

3.29 (1.35)
3.93 (1.51)

3.32(1.37) 3.37 (1.59) 3.84 (1.48) 3.64 (1.62) 3.26 (1.24)
3.64 (1.57) 4.39 (1.13) 3.96 (1.48) 3.78 (1.52)

3.61(1.23)

3.71 (1.35)
3.71 (1.21)

3.77 (1.05)

3.89 (1.03)

Tic change
Global

©
™~

change
YGTSS

.28
.54

1.28

71
1.13

3,90
3,90

12.97 (9.49)
8.00 (5.92)

14.24 (10.08)

8.81 (6.13)

14.34 (12.07)
8.87 (7.02)

16.61 (10.82)
9.97 (6.32)

13.39 (10.65)
8.35 (6.85)

14.06 (8.08)  13.55(10.85) 13.10 (10.66)
8.87 (5.21) 8.61 (6.42) 8.22 (6.51)

15.36 (9.03)

Combined
Motor Tics

9.36 (4.92)

.34

3,90

7.07 (4.82) 5.19 (4.08) 4.93 (5.45) 4.87 (4.98) 5.03 (4.60) 6.64 (5.49) 5.47 (5.71) 5.43 (5.05) 4.97 (4.81)

Vocal Tics
CY-BOCS

.16

.08
.13

1.83
2.44
2.10

3,84
3,78
3,93

3.96 (5.08)
2.96 (4.93)
1.91 (1.40)

3.07 (3.98)
1.96 (3.20)
1.97 (1.49)

3.55 (4.67)
2.11 (3.58)
2.09 (1.55)

3.48 (4.24)
2.56 (4.24)
2.09 (1.40)

3.27 (4.11)
2.52 (3.90)
1.56 (0.98)

3.93 (4.41)
3.30 (4.16)
1.97 (1.33)

3.65 (4.29)
2.92 (4.47)
1.81 (1.20)

3.69 (4.28)
3.59 (4.75)
2.06 (1.50)

4.40 (3.93)
3.91 (4.46)
2.03 (1.39)

Obsessions

Compulsions

ASOT

Numbers, mean (standard deviation); GAS, Global Assessment Scale; NIMH, National Institute of Mental Health; CGl, Clinical Global ImpresSiSn\Yé@&TGlobal Tic Severity Scale; CY-BOCS, Child Yale-Brown

Obsessions and Compulsions Scale; ASOT, Anti-streptolysin-O (numbers are coded according to dikatieri;20; 2

240; 3= 360; etc.).

Repeated measures ANOVA was used for all comparisons.
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since at least 300 patients would have been
required in each group to detect a significant
difference between the two phases (using a power
of 80%).

The cross-over design used in this study in-
creased statistical power, but it may have intro-
duced some possible confounds such as carry-
over and order effects. The pharmocokinetics of
penicillin V would suggest that it ceases to
protect that individual 24 to 48 hours after it is
stopped (Thamlikitkul et al 1992). However,
prevention of streptococcal infections depends
not only on blood levels, but also on exposure to
the offending pathogen. Theoretically, penicillin
given during phase A would not only prevent
streptococcal-triggered exacerbations during that
phase, but this “protection” would continue until
the next exposure to the streptococcal pathogen.
In practice, 8 (61%) of the 13 infections in the
children randomized to PCN/PLA occurred soon
after the child had switched to the placebo com-
pound. Cross-over effect attributable to the drug
would not have been an issue for those children
who were randomized to receive PLA/PCN.
However, if an infection had occurred in the last
month of the first phase, the antibody rise may
not have been detected until the first visit of
phase B; if the associated symptom exacerbation
then occurred at that time or in the following
month, both would have been counted against the
active phase. To avoid these confounds, future
studies should use a parallel design of sufficient
duration to ensure that ratings will be obtained
for several months after exposure to the strepto-
coccus organism. In addition, the analysis should
consider and control for factors such as seasonal
variability of streptococcal infections. Informa-
tion from the larger RF prophylactic studies cited
above and more recent experience with strepto-
coccal infections in the community (Kaplan et al
1998; Kaplan and Gerber 1998) suggest that in
order to adequately address the hypothesis of this
report, future studies should be at least 12 to 24
months in duration (personal communication,
Kaplan E).

A number of other factors relating to the
design and nature of the present study may have
contributed to its failure to detect a difference
between the active and placebo phases. Compli-
ance is one such factor. Although parents and
patients who took part in this trial were encour-
aged to take their medications as prescribed,
other precautions to ensure compliance were not
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employed. The majority of parents reported that their and Tourette’s Syndromd.Am Acad Child Adolesc Psychi-

children had missed no more than one or two pills per atry 34:307-311.

month, but it is possible that lack of compliance may haveBrick M, McKinley H, Gourley M, Roy TE, Keith JD (1950):

been underreported and therefore, underestimated. Oral penicillin p.rophyIaX|s in rheumatic fever patienBanad
Violation of the blinding process in many clinical drug Med Assoc B3:255-258. _ _

trials is brought about by medication side effects: theCObum AF, Moore LV (1939): The prophylactic use of sulfanil-

. A amide in streptococcal respiratory infections with especial
factor most likely to break the blind in the present study | oference to rﬁeumaﬂc feve?.C"n I):1vest18:147—155. P

was the presence of a positive streptococcal thrgat_cultur%ajani AS, Bisno AL, Chung KJ, et al (1988): Prevention of
Although infections as a whole were evenly distributed ‘rheumatic fever. A statement for health professionals by the
across the two phases, 12 of the 15 positive throat cultures Committee on Rheumatic Fever, Endocarditis, and Kawasaki
identified in this study occurred in the placebo phase. The Disease of the Council on Cardiovascular Disease in the
presence of these identifiable infections may have biased YOung. the American Heart Associatio€irculation 78:

the global ratings, since the parents would presume that 1082-1086.

; ; ; .- Evans JAP (1950): Oral penicillin in the prophylaxis of strepto-
the child got an infection because he or she was takm& coccal infection and rheumatic relapgeroc Roy Soc Med

placebo. However, the parent global ratings were correct 43.506_20s.

just as often in the children who did not hav_e a positiveGarvey MA, Giedd JN, Swedo SE (1998): PANDAS—The

throat culture (9 of 16, or 68%), as they were in those Who  search for environmental triggers of pediatric neuropsychiat-

had a positive throat culture (6 of 9, or 67%) suggesting ric disorders: Lessons from rheumatic fevarChild Neurol

that this potential bias was unlikely to have played a role 13:413-423.

in the ratings. Goodman WK, Price LH, Rasmussen SA, et al (1989a): The Yale
Although this study failed to provide support for the use ~ Brown obsessive compulsive scale (Y-BOCS). |. Develop-

of penicillin prophylaxis in children with streptococcal ~ MeNt use and reliabilityArch Gen Psychiatry46:1006—

. . . 1011.
triggered OCD and tic disorders, there are a number OfGoodman WK, Price LH, Rasmussen SA, et al (1989b): The
points that support the need for further research in this Yale Brown obsessive compulsive scale (Y-BOCS). II. Va-

area. The unsatisfactory prophylactic efficacy of oral |gity. Arch Gen Psychiatryt6:1012-1016.

penicillin suggests that a better method of prOphyIaXisl—lansen AE, Platou RV, Dwan PF (1942): Prolonged use of a

may increase the ability of a study to detect a difference  sulfonamids compound in prevention of rheumatic recrudes-
between active and placebo groups. The results from the cences in childrenAm J Dis Child64:963-976.

parent’s ratings indicate that penicillin may have had arkaplan EL (1980): The group A streptococcal upper respiratory
ameliorative effect on the baseline level of neuropsychi- tract carrier state: An enigmd.Pediatr97:337-345.

atric symptoms, even when exacerbations continue t&aplan EL, Gerber MA (1998): Group A, group C and group G

occur. Indeed, the decline in depression and anxiety beta hemolytic streptococcal infections. In: Feigin RD,

symptoms in the active phase may be a reflection of this Cherry JD, editorsTextbook of Pediatric Infectious Diseases.

. Philadelphia: WB Saunders, pp 1076-1088.
overall improvement. However, the lack of effect on the - )
primary symptoms of OCD and tics means that it iSKapIan EL, Rothermel CD, Johnson DR (1998): Antistreptolysin

L . . O and anti-deoxyribonuclease B titers: Normal values for
premature to recommend penicillin prophylaxis for chil-  hidren ages 2 to 12 in the United StateRediatrics

dren with OCD or tic disorders, even if it appears that their  101:36—88.

symptoms are triggered by streptococcal infections. Futurerpeshian J, Burd L, Pettit R (1990): A possible post-strepto-
studies are required, first to develop an effective method of coccal movement disorder with chorea and tibev Med

streptococcal prophylaxis, and then to determine whether Child Neurol32:642-644.
the potential risks of prolonged antibiotic administration Kiessling LS (1989): Tic disorders associated with evidence of

are offset by the benefits of decreased neuropsychiatric invasive group A beta hemolytic streptococcal disedss
symptomatology. Med Child Neurol(suppl 59) 31:48.
Kurlan R, McDermott MP (1993): Rating tic severity. In: Kurlan
R, editor.Handbook of Tourette’s Syndrome and Related Tic
and Behavioral DisordersNew York: Marcel Dekker, pp

We are indebted to the many people who participated with us during this 199-220.

project, especially Dan Richter, Jason Zamkoff, Sara Dow, and the&Kuttner AG, Reyersbach G (1943): The prevention of strepto-
Pharmacy Department of the Clinical Center. coccal upper respiratory infections and rheumatic recurrences

in rheumatic children by the prophylactic use of sulfanil-
amide.J Clin Invest22:77—-85.
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